
(12) United States Patent 
Zheng et a1. 

US007115383B2 

(10) Patent N0.: US 7,115,383 B2 

(54) 

(75) 

(73) 

( * ) 

(21) 

(22) 

(65) 

(51) 

(52) 

(58) 

(56) 

ASSAYS FOR AMPHETAMINE AND 
METHAMPHETAMINE 

Inventors: Yi Feng Zheng, Wilmington, DE (US); 
Richard F. Parrish, San Jose, CA 
(US); Johnny Valdez, Fremont, CA 
(US); Hshiou-ting Liu, Milpitas, CA 
(Us) 

Assignee: Dade Behring Inc., Deer?eld, IL (US) 

Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

Appl. No.: 10/806,327 

Filed: Mar. 22, 2004 

Prior Publication Data 

US 2005/0208604 A1 Sep. 22, 2005 

Int. Cl. 
G01N 33/535 (2006.01) 
G01N 33/531 (2006.01) 
C07K 16/00 (2006.01) 
C07K 17/02 (2006.01) 
U.S. Cl. ..................... .. 435/7.9; 435/961; 435/975; 

435/7.1; 435/188; 436/544; 436/546; 530/388.9; 
530/389.8; 530/402; 530/405 

Field of Classi?cation Search .............. .. 564/336; 

436/7.1, 544, 546; 530/388.9, 389.8, 409, 
530/402, 403, 405; 435/188, 961, 7.9, 7.1, 

435/975 
See application ?le for complete search history. 

References Cited 

U.S. PATENT DOCUMENTS 

1,879,003 A 9/1932 Alles ........................ .. 564/381 

1,921,424 A 8/1933 Nabenhauer ............... .. 167/58 

2,344,356 A 3/1944 Hildebrandt 260/5708 
3,117,160 A 1/1964 Holland .... .. 260/5708 

3,547,999 A 12/1970 Shulgin 260/5708 
3,709,868 A 1/1973 Spector ....... .. 260/121 

3,758,691 A 9/1973 Carlsson et a1. .... .. 424/330 

3,763,218 A 10/1973 Kaiser et a1. ......... .. 260/471 A 

3,766,162 A 10/1973 Spector ................ .. 260/112 R 

3,775,536 A 11/1973 Spector et a1. ....... .. 424/1 

3,847,950 A 11/1974 Suh et a1. .............. .. 260/3405 

3,867,366 A 2/1975 Rubenstein et a1. ...... .. 260/121 

3,875,011 A 4/1975 Rubenstein et a1. ........ .. 195/99 

3,911,016 A 10/1975 Klingler et a1. ..... .. 260/5708 R 
3,995,021 A 11/1976 Gross ....................... .. 424/1.5 

3,996,344 A 12/1976 Gross ....................... .. 424/1.5 

4,016,146 A 4/1977 Soares 260/112 R 
4,022,878 A 5/1977 Gross ....................... .. 424/1.5 

4,036,823 A 7/1977 Soares .................. .. 260/112 R 

4,041,076 A 8/1977 Avenia et a1. .. 260/559 A 
4,058,642 A 11/1977 Renth et a1. . .... .. 424/330 

4,064,228 A 12/1977 Gross ....... .. 424/1 

4,073,798 A 2/1978 Suh .... .. 260/3405 R 

4,097,586 A 6/1978 Gross ....................... .. 424/1 

4,129,598 A 12/1978 Giudicelli et a1. 260/5708 R 
4,218,539 A 8/1980 Weltrnan 435/188 
4,220,565 A 9/1980 Katz ........................... .. 260/6 

(45) Date of Patent: Oct. 3, 2006 

4,329,281 A 5/1982 Christenson et a1. 260/112 B 
4,595,656 A 6/1986 Allen et a1. .................. .. 435/7 

4,680,338 A 7/1987 Sundoro .................. .. 525/541 

4,686,181 A 8/1987 Dona . . . . . . . . . . . . . . .. 435/7 

4,760,142 A 7/1988 Primes et a1. . 544/287 

4,843,147 A 6/1989 Levy et a1. . . . . . . . . . . . . .. 530/391 

4,847,195 A 7/1989 Khanna et a1. .............. .. 435/7 

4,868,132 A 9/1989 Byrnes et a1. ............ .. 436/546 

4,952,336 A 8/1990 Byrnes et a1. ....... .. 252/301.16 

4,990,443 A 2/1991 Huber et a1. ............... .. 435/7.9 

5,026,827 A 6/1991 MiyaZaki et a1. 530/405 
5,101,015 A 3/1992 Byrnes et a1. . . . . . . . . . .. 530/363 

5,135,863 A 8/1992 Hu et a1. . . . . . . . . . . . . . . . .. 435/188 

5,145,791 A 9/1992 Zeitvogel et a1. ......... .. 436/546 

5,198,587 A 3/1993 Imai et a1. ................ .. 564/374 

5,227,472 A 7/1993 Yoshioka .................. .. 530/403 

5,233,025 A 8/1993 MiyaZaki et a1. ...... .. 530/388.9 

5,256,409 A 10/1993 Blincko ............ .. 424/85.8 

5,262,333 A 11/1993 Heiman et a1. . . . . . . . . .. 436/537 

5,266,720 A 11/1993 Gallacher et a1. 560/60 
5,270,166 A 12/1993 Parsons et a1. ............ .. 435/7.4 

5,294,638 A 3/1994 Hell et a1. ................ .. 514/452 

5,328,828 A 7/1994 Hu et a1. ................... .. 435/7.9 

5,336,621 A 8/1994 Primes et a1. ............. .. 436/534 

5,354,693 A 10/1994 Brynes et a1. .... .. 436/537 

5,372,949 A 12/1994 Zeitvogel et a1. 436/546 
5,373,092 A 12/1994 Gallacher et a1. 435/7.93 
5,424,204 A 6/1995 Aoyama et a1. .......... .. 435/188 

5,470,997 A 11/1995 Buechler et a1. .......... .. 558/254 

5,492,841 A 2/1996 Craig ....................... .. 436/534 

5,501,987 A 3/1996 OrdoneZ et a1. .......... .. 436/534 

5,514,559 A 5/1996 Markert-Hahn et a1. 435/7.92 
5,518,887 A 5/1996 Parsons et a1. ............ .. 435/7.1 

(Continued) 
FOREIGN PATENT DOCUMENTS 

DE 2844427 4/1980 

(Continued) 
Primary ExamineriMary E. Ceperley 
Assistant ExamineriSha?qul Haq 
(74) Attorney, Agent, or F irmiTheodore J. Leitereg 

(57) ABSTRACT 

Methods, compositions and kits are disclosed. The com 
pounds disclosed comprise an amphetamine moiety and a 
methamphetamine moiety linked together by a ?rst linking 
group. A second linking group depends from the ?rst linking 
group and comprises a functional group. The distance of the 
amphetamine moiety and the methamphetamine moiety 
from the point of linkage of the second linking group to the 
?rst linking group is approximately the same. The com 
pounds may be linked to labels and used in assays for the 
detection of amphetamine and/ or methamphetamine in 
samples suspected of containing these drugs. 

44 Claims, 8 Drawing Sheets 
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ASSAYS FOR AMPHETAMINE AND 
METHAMPHETAMINE 

BACKGROUND OF THE INVENTION 

This invention relates to methods, compositions and kits 
for detecting the presence and/ or amounts of amphetamine 
and/or methamphetamine in samples suspected of contain 
ing the same. In particular, the invention relates to bivalent 
hapten conjugates comprising an amphetamine moiety and a 
methamphetamine moiety. The conjugate may be employed 
in assays for amphetamine and/or methamphetamine. 

The clinical diagnostic ?eld has seen a broad expansion in 
recent years, both as to the variety of materials of interest 
that may be readily and accurately determined, as Well as the 
methods for the determination. Over the last decade, testing 
for drugs of abuse has become commonplace. This testing is 
not only for the monitoring of criminal offenders and drug 
addicts, but employers also use it for the screening of 
Workers. In recent years, immunoassays based on the reac 
tion of an antibody With an antigen have been extensively 
investigated for this purpose. 

Typically, immunoassays employ an antibody Whose 
structure recogniZes an analyte in a speci?c manner. The 
immunoassay is conducted With a signal producing system 
that produces a detectible change in signal upon binding of 
the analyte to the antibody. Accordingly, When testing for an 
analyte in a sample, a detectible change in signal from that 
produced With a negative sample of a calibrator is taken as 
a positive result for the presence of that analyte in the 
sample. 
Amphetamine and methamphetamine stimulate the cen 

tral nervous system and have been used medicinally to treat 
hypotension, narcolepsy and obesity. Because of their stimu 
lating effects, the drugs and derivatives have been abused. 
As a result, assays for the detection of amphetamine and/or 
methamphetamine in samples are of interest. 

There is a problem When the aforementioned assay tech 
niques are employed to assay for amphetamines in a sample 
suspected of containing amphetamine and/or methamphet 
amine. The problem arises because these assays employ a 
single antiserum or antibody that can recogniZe both 
amphetamine and methamphetamine. In order for this anti 
body to recogniZe both amphetamine and methamphet 
amine, it is necessary for it to be capable of recogniZing a 
particular spatial and polar organiZation common to amphet 
amine and methamphetamine and to lack speci?c recogni 
tion of those structural features of amphetamine and meth 
amphetamine that are different. Because such an antibody 
recogniZes structural features that are common to both of 
these compounds but lacks speci?c recognition of the struc 
tural features that are different, it is able to recogniZe both 
compounds and the assay Will produce a positive result for 
a sample containing amphetamine and/or methamphet 
amine. HoWever, antibodies that recogniZe both compounds 
have been found to recogniZe molecules other than amphet 
amine and methamphetamine that share some but not all of 
the common spatial and polar features of amphetamine and 
methamphetamine. 

The above problem Was solved in U.S. Pat. Nos. 5,135, 
863 and 5,328,828 (Hu, et al.), Which disclose an immu 
noassay to determine the presence of amphetamines in a 
sample suspected of containing amphetamine and/or meth 
amphetamine by employing four primary reagents. TWo of 
these reagents are tWo conjugates, each comprised of a 
functionally similar label bound to an amphetamine analog 
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2 
and a methamphetamine analog, respectively. The other tWo 
reagents are an antibody to amphetamine and an antibody to 
methamphetamine. 

There is, hoWever, a need for assays for the detection of 
amphetamine and/or methamphetamine Where the number 
of reagents employed is reduced from that mentioned above 
and the assay maintains the same level of sensitivity, speci 
?city, speed and accuracy as the assay disclosed in U.S. Pat. 
Nos. 5,135,863 and 5,328,828 utiliZing four reagents. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention is a compound 
comprising an amphetamine moiety and a methamphet 
amine moiety linked together by a ?rst linking group. A 
second linking group depends from the ?rst linking group 
and comprises a functional group. The distance of the 
amphetamine moiety and the methamphetamine moiety 
from the point of linkage of the second linking group to the 
?rst linking group is approximately the same. 

Another embodiment of the present invention is a com 
pound of the formula: 

FonnulaI 

A—L—M 

| 
Y 

W 
Z 

Wherein: 
A is an amphetamine moiety, 
M is a methamphetamine moiety, 
L is a linking group, 
Y is a bond, a functional group or a linking group and is 

bonded to L at a point equidistant betWeen A and M, and 
Z is a poly(amino acid), a non-poly(amino acid) label 

moiety or a functional group; 
t is 1 When Z is a functional group or a non-poly(amino 

acid) label or, When Z is a poly(amino acid), t is an integer 
betWeen 1 and the molecular Weight of a poly(amino acid) 
divided by about 500; 

and salts thereof. 
Another embodiment of the present invention is a com 

pound of the formula: 

Formula II 

Wherein: 
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R1 is hydrogen, lower alkyl, or a protecting group, 
R2 is hydrogen, loWer alkyl, or a protecting group, 
L1 is a linking group, 
Yl is a bond, a functional group or a linking group and is 

bonded to L1 at a point equidistant betWeen the point of 
attachment to each of the phenyl groups, 

Z1 is a poly(amino acid), a non-poly(amino acid) label or 
a functional group; and 

t' is 1 When Z1 is a functional group or a non-poly(amino 
acid) label or, When Z1 is a poly(amino acid), t' is an integer 
between 1 and the molecular Weight of a poly(amino acid) 
divided by about 500; 

and salts thereof. 
Another embodiment of the present invention is a com 

pound of the formula: 

Formula Ill 

NH 

R1 

wherein: 
R1 and R2 are independently H, loWer alkyl or a protecting 

group, 
X and X‘ are independently O, S, or a bond; 
D and D' are independently alkylene or substituted alky 

lene; 
V and V' are independently O, S, or a bond; 

W is CH; 
Y is NR3 Wherein R3 is H or loWer alkyl, 0, S, or a bond; 
T is alkylene, i(C=O)alkylene, ethereal alkylene, aceta 

mide or a bond; 

Y' is NR3 Wherein R3 is H or loWer alkyl, 0, S, or a bond; 
T' is alkylene, i(C=O)alkylene, ethereal alkylene, 

acetamide or a bond; and 

Z' is a poly(amino acid), a non-poly(amino acid) label 
moiety, H, Br, Cl, F, I, NH2, acetamide, haloacetamide; 

t" is 1 When Z' is a functional group or a non-poly(amino 
acid) label or, When Z' is a poly(amino acid), t" is an integer 
between 1 and the molecular Weight of a poly(amino acid) 
divided by about 500; 

With the proviso that X and X‘ have approximately the same 
length, D and D' have approximately the same length, and V 
and V' have approximately the same length; 

and salts thereof. 
Another embodiment of the present invention is a com 

pound of the formula: 

5 
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Formula IV 

NH 

C=O 

(CH2)P 
5 NH 

TH 1“ 
C=O 

(CHM 
I t”, 

Z” 

Wherein: 
R1‘ and R2‘ are independently H, loWer alkyl or a pro 

tecting group, 
X1‘ and X1" are S or 0; 
Z" is an enZyme; H, Br, Cl, F, I, NH2, acetamide, 

haloacetamide; 
t'" is 1 When Z" is other than an enZyme and, When Z" is 

an enZyme, t'" is an integer between 1 and the molecular 
Weight of the enZyme divided by about 500; and 

n, m, p, q, r and s are each independently 0 to 5; 

and salts thereof. 
Another embodiment of the present invention is a com 

pound of the formula: 

Formula V 

NH2 

| (CH2) t 

Z” 

Wherein: 
Z" is an enZyme; and 

t'" is an integer between 1 and the molecular Weight of the 
enZyme divided by about 500. 
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Another embodiment of the present invention is a reagent 
system comprising a compound of Formula I, Formula II, 
Formula III, Formula IV or Formula V (Wherein the com 
pound comprises an enzyme label), an antibody for amphet 
amine and an antibody for methamphetamine. 

Another embodiment of the present invention is a method 
for determining amphetamine and/ or methamphetamine in a 
sample suspected of containing amphetamine and/or meth 
amphetamine. A combination is provided in a medium 
Where the combination comprises the sample and the afore 
mentioned reagent system. The medium is examined for the 
presence of a complex comprising the compound of Formula 
I, Formula II, Formula III, Formula IV or Formula V 
(Wherein the compound comprises an enZyme label) and the 
antibody for amphetamine and the antibody for metham 
phetamine. The presence of such complexes indicates the 
presence of the amphetamine and/or methamphetamine in 
the sample. 

Another embodiment of the present invention is a method 
for determining amphetamine and/ or methamphetamine in a 
sample suspected of containing amphetamine and/or meth 
amphetamine. A combination is provided in a medium 
Where the combination comprises (i) the sample, (ii) an 
antibody for amphetamine, (iii) an antibody for metham 
phetamine, and (iv) a compound of Formula III, Which 
comprises a label. The medium is examined for the presence 
of a complex comprising the compound of Formula III and 
the antibody for amphetamine or the antibody for metham 
phetamine. In one approach, the complex is detected by 
means of the label. The presence of such complexes indi 
cates the presence of the amphetamine and/or methamphet 
amine in the sample. 

Another embodiment of the present invention is a method 
for determining amphetamine and/ or methamphetamine in a 
sample suspected of containing amphetamine and/or meth 
amphetamine. A combination is provided in a medium 
Where the combination comprises (i) the sample, (ii) an 
antibody for amphetamine, (iii) an antibody for metham 
phetamine, and (iv) a compound of Formula IV, Which 
comprises an enZyme. The medium is examined, usually by 
determining enZyme activity, for the presence of a complex 
comprising the compound and the antibody for amphet 
amine or a complex comprising the compound and the 
antibody for methamphetamine. The presence of the com 
plexes indicates the presence of the amphetamine and/or 
methamphetamine in the sample. 

Another embodiment of the present invention is a kit 
comprising in packaged combination (i) an antibody for 
amphetamine, (ii) an antibody for methamphetamine, and 
(iii) a compound of Formula I Wherein the compound 
comprises a label. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a reaction scheme depicting an example of a 
synthesis of certain compounds in accordance With the 
present invention. 

FIG. 2 is a reaction scheme depicting an example of a 
synthesis of certain compounds in accordance With the 
present invention. 

FIG. 3 is a graph depicting the inhibition of enZyme 
bivalent hapten conjugate by amphetamine and metham 
phetamine antibodies. 

FIG. 4 is a graph depicting a standard curve for amphet 
amine With an enZyme bivalent hapten conjugate in accor 
dance With the present invention. 
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6 
FIG. 5 is a graph depicting a standard curve for detection 

of methamphetamine With an enZyme bivalent hapten con 
jugate in accordance With the present invention. 

FIG. 6 is a graph depicting results of the detection of 
amphetamine and methamphetamine in a three-component 
system 

FIG. 7 is a reaction scheme depicting an example of a 
synthesis of certain compounds used in the synthesis of 
compounds in accordance With the present invention. 

FIG. 8 is a reaction scheme depicting an example of a 
synthesis of certain compounds used in the synthesis of 
compounds in accordance With the present invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

The present invention permits effective screening of 
samples for the presence of an amphetamine or a metham 
phetamine using a smaller number of reagents than that 
employed in the methods of US. Pat. Nos. 5,135,863 and 
5,328,828. The methods utiliZing the compounds of the 
invention achieve substantially the same level of sensitivity, 
speci?city, accuracy and speed as the knoWn method. 
The assay compositions comprising the compounds of 

this invention are useful in a Wide variety of previously 
employed assay methods such as, e.g., immunoassay meth 
ods, both homogeneous and heterogeneous. The conditions 
under Which these assays have been carried out Will nor 
mally be applicable to assays employing the present com 
pounds. Thus, the compositions of this invention can be used 
in prior art immunoassays so as to provide a means to 
determine the presence of amphetamine and/ or methamphet 
amine in a sample suspected of containing amphetamine 
and/or methamphetamine. By appropriate choice of compo 
nents for producing a detectible signal, the detectible signal 
may be observed visually or by means of various apparatus, 
i.e., detection means, such as spectrophotometers, ?uorom 
eters, scintillation counters, etc. 
The assay composition includes the present compounds 

comprising a label and also includes ancillary reagents 
necessary to produce a signal from the present compounds. 
A key reagent in the signal producing system is a single 
conjugate comprising an amphetamine moiety and a meth 
amphetamine moiety linked together and further linked to a 
label, either a poly(amino acid) such as an enZyme or a 
non-poly(amino acid) such as a ?uorescent compound. The 
choice of assay or assay protocol usually determines 
Whether an increase or decrease in the amount of signal 
generated by the signal producing system determines the 
amount of amphetamines in the assay sample. 

In the present invention, a three-component reagent sys 
tem that includes a single label conjugate and tWo antibodies 
is employed. The present invention utiliZes a bivalent hapten 
reagent that incorporates both amphetamine and metham 
phetamine moieties in a single chemical entity. This par 
ticular synthetic entity can then be conjugated to, for 
example, a label to produce a label conjugate comprising the 
amphetamine and methamphetamine moieties. The bivalent 
haptens comprise a linking group betWeen the tWo moieties 
so that both the amphetamine moiety and methamphetamine 
moiety are extended substantially equally in space and, in 
some embodiments, are symmetrically disposed, alloWing 
each of the hapten moieties equal opportunity to interact 
With a corresponding antibody. The linking group typically 
has a functional group in the middle of its scaffold Where the 
functional group is available for further elaboration of the 
molecule such as by attaching a linking group for linking to 
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a label. The functional group permits the incorporation of a 
tether or second linking group, Which has a functionality 
ready for attachment to an attachable moiety, for example, a 
label such as, e.g., an enzyme. The reagent system further 
includes tWo antibodies, namely, an antibody for amphet 
amine and an antibody for methamphetamine. The reagent 
system may be used in methods for detecting the aforemen 
tioned drugs in samples suspected of containing the drugs. 
In the assays the amphetamines, i.e., amphetamine and 
methamphetamine, to be measured are the analytes. In 
general, an analyte is a ligand and is a member of a speci?c 
binding pair, Which may be, for example, the ligand or 
analyte and a corresponding antibody for the ligand or 
analyte. 

Accordingly, one embodiment of the present invention is 
a compound comprising an amphetamine moiety and a 
methamphetamine moiety linked together by a ?rst linking 
group. The amphetamine moiety is generally an analog of 
amphetamine. A ligand analog such as the amphetamine 
moiety and the methamphetamine moiety is a modi?ed 
ligand that, as part of the label conjugate of the invention, 
can compete With the analogous ligand or analyte for 
binding to an antibody. The modi?cation of the analog 
provides means to join a ligand analog to another molecule 
such as a linking group and ultimately to an attachable 
moiety such as a poly(amino acid) or a non-poly(amino 
acid) label. The ligand analog may differ from the ligand by 
replacement of a hydrogen With a bond Which links the 
ligand analog to the ?rst linking group. The terms “amphet 
amine moiety” and “methamphetamine moiety” also include 
derivatives of amphetamine and methamphetamine such as, 
for example, acids, esters, amides including, e.g., haloac 
etamide, maleimide and the like. 
One set of derivatives involves moieties Wherein the 

amine functionality of the amphetamine or methamphet 
amine is protected With a protecting group. Suitable types of 
protecting groups are Well knoWn in the art and have been 
described in detail in numerous patents and articles in the 
technical literature. See, for example, “Principles of Peptide 
Synthesis” (M. Bodanszky, Springer Verlag, Berlin, Heidel 
berg, NeW York, Tokyo (1984). Such protecting groups 
include, by Way of example and not limitation, t-butoxycar 
bonyl (t-Boc), ?uorenylmethyloxycarbonyl (Fmoc), 
acetaminomethyl (Acm), triphenyl methyl (Trt), benzyloxy 
carbonyl, biphenylisopropyloxycarbonyl, l-amyloxycarbo 
nyl, isobornyl-oxycarbonyl, alpha-dimethyl-3,5-dimethoxy 
benxyloxycarbonyl, o-nitrophenylsulfenyl, 2-cyano-1,1 
dimentyl-ethoxycarbonyl, bromobenzyloxy, carbamyl, 
formyl, and the like. 

In some embodiments, the amphetamine moiety and the 
methamphetamine moiety are linked to the ?rst linking 
group in a substantially symmetrical manner. In other Words 
the tWo moieties are linked to the ?rst linking group from the 
same corresponding positions in the respective moieties. In 
this Way the moieties are disposed in the bivalent conjugate 
such that they are essentially mirror images of one another 
except for the presence of a methyl group in the metham 
phetamine moiety, instead of hydrogen, on the amine group. 
In some embodiments, the moieties are linked from the 
respective phenyl groups and, in some embodiments, from 
the 3-positions on the respective phenyl groups. HoWever, 
the moieties may be linked from other positions of the 
respective molecules and on the phenyl groups as long as the 
moieties are speci?cally recognized by their respective 
antibodies to the extent necessary to obtain a sensitive and 
accurate assay for amphetamine and/or methamphetamine. 
For homogeneous assays there should be suf?cient compe 
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8 
tition betWeen the respective antibodies and the amphet 
amine moiety and methamphetamine moiety of the conju 
gate on the one hand and the analyte amphetamine and 
methamphetamine on the other hand to produce a reliable 
assay. Furthermore, there should be suf?cient inhibition of 
the label such as enzyme label to achieve an accurate and 
sensitive assay. 

In some embodiments, the amphetamine moiety and the 
methamphetamine moiety are each stereospeci?c. By this is 
meant that the amphetamine moiety and the methamphet 
amine moiety are the respective stereoisomers that are 
physiologically active. 
The ?rst linking group contains a functionality for linking 

to a second linking group. The amphetamine moiety and the 
methamphetamine moiety are disposed in the ?rst linking 
group so that they are substantially equally spaced from the 
functionality for linking to the second linking group. In 
some embodiments, the moieties are equally spaced. By 
“substantially equally spaced” is meant that the spacing need 
only be suf?cient so that the moieties in the subsequent 
bivalent label conjugate are recognized by their respective 
antibodies to the extent necessary to produce an accurate and 
sensitive assay. Thus, in some circumstances the spacing 
from the functionality for linking to the second linking 
group may not be equal as long as the above criteria are 
achieved. In this manner, the distance of the amphetamine 
moiety and the methamphetamine moiety from the point of 
linkage of the second linking group to the ?rst linking group 
is “approximately the same.” For the present conjugates the 
spacing is about 10 A to about 80 A, about 10 A to about 70 
A, about 10 A to about 60 A, about 10 A to about 50 A, 
about 10 A to about 40 A, about 10 A to about 30 A, about 
10 A to about 20 A, about 12 A to about 18 A, about 12 A 
to about 16 A. 
The ?rst linking group may comprise about 3 to about 15 

atoms, or about 3 to about 10 atoms, not counting hydrogen 
or the functionality for linking to the second linking group. 
The ?rst linking group usually comprises a chain of 3, 4, 5, 
6, 7, or 8 or more atoms, e.g., from about 3 to about 8 atoms, 
about 3 to about 7 atoms, about 3 to about 6 atoms, about 4 
to about 8 atoms, each independently selected from the 
group normally consisting of carbon, oxygen, sulfur, nitro 
gen, halogen and phosphorous, and so forth. The chain 
comprises a central atom, usually, but not necessarily, a 
carbon atom, to Which the functionality for linking to the 
second linking group is attached. The number of heteroat 
oms in the ?rst linking group, excluding the functionality for 
linking to the second linking group, usually ranges from 
about 0 to about 6, usually from about 2 to about 5. Although 
not required, the portions of the linking groups that lie on 
either side of the central atom are, in some embodiments, 
substantially symmetrical. In other Words the atoms that 
extend aWay from the central atom to the point of attachment 
of the amphetamine or methamphetamine moiety are the 
same for each respective portion of the ?rst linking group. 
The ?rst linking group may be aliphatic or aromatic. 

When heteroatoms are present, oxygen Will usually be 
present as oxo or ether bonded to carbon; sulfur is usually 
present as a thioether or other functionality that corresponds 
to an analogous oxygen functionality; nitrogen is usually 
present as nitro, nitroso or amino, normally bonded to 
carbon; phosphorous is usually bonded to carbon, sulfur, 
oxygen or nitrogen, usually as phosphonate and phosphate 
mono- or diester. Common functionalities in forming a 
covalent bond betWeen the linking group and the molecule 
to be conjugated, namely, amphetamine and methamphet 
amine, include alkylamine, amidine, thioamide, ether, urea, 
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thiourea, guanidine, aZo, thioether and carboxylate, sul 
fonate, and phosphate esters, amides and thioesters. 

For the most part, the functionality for linking to the 
second linking group may be a non-oxocarbonyl group 
including nitrogen and sulfur analogs, a phosphate group, an 
amino group, a thiol group, a hydroxy group, alkylating 
agent such as halo or tosylalkyl, oxy (hydroxyl or the sulfur 
analog, mercapto) oxocarbonyl (e.g., aldehyde or ketone), or 
active ole?n such as a vinyl sulfone or ot-,[3-unsaturated 
ester, these functionalities Will be linked to amine groups, 
carboxyl groups, active ole?ns, alkylating agents, e.g., bro 
moacetyl. Where an amine and carboxylic acid or its nitro 
gen derivative or phosphoric acid are linked, amides, 
amidines and phosphoramides Will be formed. Where mer 
captan and activated ole?n are linked, thioethers Will be 
formed. Where a mercaptan and an alkylating agent are 
linked, thioethers Will be formed. Where aldehyde and an 
amine are linked under reducing conditions, an alkylamine 
Will be formed. Where a carboxylic acid or phosphate acid 
and an alcohol are linked, esters Will be formed. Various 
linking groups and linking functionalities are Well knoWn in 
the art; see, for example, Cautrecasas, J. Biol. Chem. (1970) 
24513059. 
As mentioned above, a second linking group depends 

from the ?rst linking group. The second linking group 
provides for attachment of an attachable moiety such as, for 
example, a poly(amino acid) or a non-poly(amino acid) 
label, to form a conjugate in accordance With the present 
invention. Thus, the second linking group contains a func 
tionality for linking to an attachable moiety. The function 
ality for linking to the attachable moiety may be, for 
example, any of the groups mentioned above for the func 
tionality for linking to second linking group, such as, for 
example, an amine group, a carbonyl group, a hydroxy 
group, a thiol group, maleimide group, haloacetamide and 
the like. 

The second linking group may be simply a bond to an 
attachable moiety. The second linking group may be a 
linking moiety similar in character to the ?rst linking group. 
An important consideration for the nature and length of the 
second linking group is that it does not interfere With the 
recognition, by the respective antibodies, of the amphet 
amine and methamphetamine moieties in the subsequent 
bivalent label conjugate to the extent that an accurate and 
sensitive assay is not obtained. The second linking group 
may comprise about 1 to about 30 atoms, usually, about 2 to 
about 25 atoms, about 2 to about 20 atoms, about 4 to about 
15 atoms, about 5 to about 10 atoms, not counting hydrogen 
or a functionality for linking to the attachable moiety. The 
second linking group usually comprises a chain of from 
about 1 to about 15 atoms, about 2 to about 12 atoms, about 
3 to about 10 atoms, about 4 to about 8 atoms, each 
independently selected from the group normally consisting 
of carbon, oxygen, sulfur, nitrogen, halogen and phospho 
rous, and so forth. The functionality for linking to an 
attachable moiety is usually at the terminus of the chain of 
atoms although it need not be. The number of heteroatoms 
in the second linking group, excluding the functionality for 
linking to the attachable moiety, usually ranges from about 
0 to 10, usually from about 2 to about 8, from about 3 to 
about 7. 

Also included in the above compounds are salts thereof, 
particularly, salts involving the amine group of the amphet 
amine and/or methamphetamine. In one embodiment the 
salts are acid salts, i.e., salts formed With acids such as 
mineral acids, for example, hydrochloric acid, hydrobromic 
acid, hydro?uoric acid, hydroiodic acid, phosphoric acid, 
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10 
and the like, organic acids, for example, tri?uoroacetic acid, 
tartaric acid, acetic acid and so forth. 
As mentioned above, one of the attachable moieties is a 

poly(amino acid). Various protein types are included Within 
the term “poly(amino acid),” both natural and synthetic. 
These proteins include, for example, enZymes, albumins, 
serum proteins, e.g., globulins, lipoproteins, and the like. 
The molecular Weight of the poly(amino acids) Will gener 
ally be at least about 5,000 and have no upper limit, 
normally being less than 10,000,000, and usually being not 
more than about 600,000. There Will usually be different 
ranges depending on the type of protein involved. With 
enZymes, the range Will be from about 10,000 to 600,000, 
and more usually from about 10,000 to 300,000 molecular 
Weight. With antigens, the range Will be from about 5,000 to 
10,000,000, usually from about 20,000 to 600,000, and more 
usually from about 25,000 to 250,000 molecular Weight. 
There is usually at least about one amphetamine and meth 
amphetamine analog group per 200,000 molecular Weight, at 
least one per 50,000 molecular Weight, at least one per 
30,000 molecular weight. In the case of enZymes, the 
number of amphetamine and methamphetamine analog 
groups is usually from about 1 to about 20, about 2 to about 
15, about 3 to about 12, or about 6 to about 10. 
Enzymes of particular interest are redox enZymes, par 

ticularly dehydrogenases such as glucose-6-phosphate dehy 
drogenase, lactate dehydrogenase, etc., and enZymes that 
involve the production of hydrogen peroxide and the use of 
the hydrogen peroxide to oxidiZe a dye precursor to a dye. 
Particular combinations include saccharide oxidases, e.g., 
glucose and galactose oxidase, or heterocyclic oxidases, 
such as uricase and xanthine oxidase, coupled With an 
enZyme Which employs the hydrogen peroxide to oxidiZe a 
dye precursor, that is, a peroxidase such as horse radish 
peroxidase, lactoperoxidase, or microperoxidase. Additional 
enZyme combinations may be found in the subject matter 
incorporated by reference. When a single enZyme is used as 
a label, other enZymes may ?nd use such as hydrolases, 
transferases, and oxidoreductases, preferably hydrolases 
such as alkaline phosphatase and beta-galactosidase. Alter 
natively, luciferases may be used such as ?re?y luciferase 
and bacterial luciferase. 

Illustrative co-enZymes that ?nd use include NAD[H], 
NADP[H], pyridoxal phosphate, FAD[H], FMN[H], etc., 
usually coenZymes involving cycling reactions. See, for 
example, U.S. Pat. No. 4,318,980, the disclosure ofWhich is 
incorporated herein by reference. 
The term “non-poly(amino acid) labels does not include 

enZyme labels. A non-poly(amino acid) label may be a 
member of a signal producing system. The non-poly(amino 
acid) label is capable of being detected directly or is detect 
able through a speci?c binding reaction that produces a 
detectable signal. The non-poly(amino acid) labels generally 
are radioisotopic, luminescent, particulate, polynucleotidic 
or the like. More particularly, the label can be isotopic or 
non-isotopic, usually non-isotopic, and can be a polynucle 
otide coding for a catalyst, promoter, dye, ?uorescent mol 
ecule, chemiluminescent molecule, coenZyme, enZyme sub 
strate, radioactive group, a small organic molecule, 
ampli?able polynucleotide sequence, a particle such as latex 
or carbon particle, metal sol, crystallite, liposome, cell, etc., 
Which may or may not be further labeled With a dye, catalyst 
or other detectable group, and the like. 
The signal producing system may have one or more 

components, at least one component being the label, Whether 
poly(amino acid) or non-poly(amino acid). The signal pro 
ducing system generates a signal that relates to the presence 
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of an amphetamine and/or methamphetamine in a sample. 
The signal producing system includes all of the reagents 
required to produce a measurable signal. Other components 
of the signal producing system may be included in a devel 
oper solution and can include substrates, enhancers, activa 
tors, chemiluminescent compounds, cofactors, inhibitors, 
scavengers, metal ions, speci?c binding substances required 
for binding of signal generating substances, and the like. 
Other components of the signal producing system may be 
coenZymes, substances that react With enZymic products, 
other enZymes and catalysts, and the like. The signal pro 
ducing system provides a signal detectable by external 
means, by use of electromagnetic radiation, desirably by 
visual examination. Exemplary signal-producing systems 
are described in US. Pat. No. 5,508,178 (Rose, et al.), the 
relevant disclosure of Which is incorporated herein by ref 
erence. 

As mentioned above, one aspect of the present invention 
concerns compounds of the formula: 

Formula I 

Wherein: 
A is an amphetamine moiety such as, for example, an 

amphetamine analog or derivative thereof, 
M is a methamphetamine moiety such as, for example, a 

methamphetamine analog or derivative thereof, 
L is a linking group, 
Y is a bond, a functional group or a linking group and is 

bonded to L at a point equidistant betWeen A and M, and 
Z is a poly(amino acid) moiety such as, for example, an 

enZyme, a non-poly(amino acid) label moiety or a functional 
group; 

t is 1 When Z is a functional group or a non-poly(amino 
acid) label moiety or, When Z is a poly(amino acid), t is an 
integer betWeen 1 and the molecular Weight of a poly(amino 
acid) moiety divided by about 500. 

Salts of the above compounds are also included Within the 
above formula. 

Included Within the above compounds are compounds of 
the formula: 

Formula II 
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12 
wherein: 

R1 is hydrogen, loWer alkyl, protecting group or the like; 
R2 is hydrogen, loWer alkyl, protecting group or the like; 
L1 is a linking group, 
Yl is a bond, a functional group or a linking group and is 

bonded to L, at a point equidistant betWeen the point of 
attachment to each of the phenyl groups, 

Z1 is a poly(amino acid) moiety such as, for example, an 
enZyme, a non-poly(amino acid) label moiety or a functional 
group; and 

t' is 1 When Z1 is a functional group or a non-poly(amino 
acid) label moiety or, When Z1 is a poly(amino acid), t' is an 
integer betWeen 1 and the molecular Weight of a poly(amino 
acid) moiety divided by about 500. 

Also included Within the above formula are salts of the 
above compounds. 
By the term “loWer alkyl” is meant a branched or 

unbranched saturated monovalent hydrocarbon radical con 
taining 1 to 10, usually, 1 to 5, carbon atoms, such as methyl, 
ethyl, propyl, butyl and pentyl, and including the normal, 
secondary, tertiary, and the like, forms thereof Where appro 
priate. 

Another embodiment of the present invention is directed 
to compounds of the formula: 

Formula 111 

| 
Y 

| 
T 

| 
Y, 

| 
T, 

NH 

R1 

wherein: 
R1 and R2 are independently H, loWer alkyl, or a protect 

ing group or the like, 
X and X‘ are independently O, S, or the like, or a bond; 
D and D' are independently alkylene or substituted alky 

lene or the like; 
V and V' are independently O, S, or the like, or a bond; 
W is CH or the like; 
Y is NR3 Wherein R3 is H or loWer alkyl, 0, S, a bond, or 

the like; 
T is alkylene, i(C=O)alkylene, ethereal alkylene, aceta 

mide or a bond; 

Y' is NR3 Wherein R3 is H or loWer alkyl, 0, S, or a bond; 
T' is alkylene, i(C=O)alkylene, ethereal alkylene, 

acetamide or a bond; and 

Z' is a poly(amino acid), a non-poly(amino acid) label 
moiety, H, halogen (Br, Cl, F, I), NH2, acetamide, haloac 
etamide; 

t" is 1 When Z' is a functional group or a non-poly(amino 
acid) label moiety or, When Z' is a ploy(amino acid), t" is an 



US 7,115,383 B2 
13 

integer between 1 and the molecular Weight of a poly(amino 
acid) moiety divided by about 500; 

With the proviso that X and X‘ have approximately the same 
length, D and D' have approximately the same length, and V 
and V' have approximately the same length; 

Also included are salts of the above compounds. 
“Approximately the same length” means that the lengths 

of the moieties in question are such that the amphetamine 
moiety and the methamphetamine moiety are disposed so 
that they are substantially equally spaced, or equally spaced, 
apart. In one embodiment, the moieties are equally spaced. 

“Alkylene” means a branched or unbranched saturated 
divalent hydrocarbon radical containing 1 to 30 or more 
carbon atoms, such as methylene, ethylene, propylene, 
2-methylpropylene, 1,2-dimethylpropylene, pentylene, and 
the like. The term encompasses loWer alkylene (1 to 10 
carbon atoms) and higher alkylene (11 to 30 carbon atoms). 

“Ethereal alkylene” means alkylene having 1 to 10, 1 to 
9,1to8,1to7,1to6,1to5,1to4,1to3,1to2,ether 
functions in the alkylene chain. An example, by Way of 
illustration and not limitation, is i[(CH2)aiOi 
(CH2)a]Ci Wherein a and b are independently 1 to 5, 2 to 4, 
1 to 3, 1 to 2, or 1, 2, 3, 4, or 5 and Wherein c is 1 to 15, 2 
to 14, 3 to 13, 4 to 12, 5 to 11, 6 to 10, 7 to 9, or 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15, in particular, 
i[(CH2)a4Oi(CH2)a]ci Wherein a and b are 2 and c is 
as de?ned above. 

“Haloacetamide” means iXCHZiCOiNHCi Wherein 
X is halogen (bromine, chlorine, ?uorine, or iodine, usually, 
bromine or chlorine). 

“Substituted” means that a hydrogen atom of a molecule 
is replaced by another atom, Which may be a single atom 
such as a halogen, or heteroatom, or part of a group of atoms 
forming, for example, alkyl groups, heteroatom substituted 
alkyl groups, cyclic structures or heterocyclic structures. 

Another embodiment of the present invention is a com 
pound of the formula: 

Formula 1V 

AF? 

Wherein: 
R1‘ and R2‘ are independently H, loWer alkyl, a protecting 

group, or the like, 
X1‘ and X1" are S or O or the like; 
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14 
Z" is an enZyme; H, Br, Cl, Fl, 1, NH2, acetamide, 

haloacetamide, or the like; 
t'" is 1 When Z" is other than an enZyme and, When Z" is 

an enZyme, t'" is an integer betWeen 1 and the molecular 
Weight of the enZyme divided by about 500; and 

n, m, p, q are each independently 1 to 5 and r and s are 
each independently 0 to 5. 

The above formula also includes salts thereof. 
Another embodiment of the present invention is a com 

pound of the formula: 

Formula V 

t!!! 

Wherein: 
Z" is an enZyme; and 
t'" is an integer betWeen 1 and the molecular Weight of the 

enZyme divided by about 500. 
The synthesis of representative examples of the above 

compounds is discussed herein by Way of illustration and not 
limitation. Other synthetic procedures Will be suggested to 
those skilled in the art in vieW of the disclosure herein. Other 
compounds Within the scope of the present invention may be 
prepared using suitable variants of the reagents employed 
beloW. 

Stereospeci?c amphetamine-methamphetamine bivalent 
hapten linked to an enZyme may be synthesiZed, for 
example, by procedures outlined in FIG. 1 and FIG. 2. 
Protected amphetamine derivative (11) is reacted With pro 
tected methamphetamine derivative (18) under conditions 
for the displacement of the bromine of derivative (11) by the 
sulfur of derivative (18) to give bivalent compound (19). 
These conditions are generally basic conditions (pH about 
8.0 to about 14.0). Suitable bases include mono-, di-, and 
tri-alkyl amines such as, for example, diisopropylethyl 
amine, ethyl amine, diethyl amine, triethyl amine, and the 
like. The reaction is usually carried out in an organic solvent 
such as, for example, a ketone, e.g., acetone and the like, an 
organic ether, e.g., ethyl ether, tetrahydrofuran (THF), diox 
ane, and the like, an alcohol, e.g., methanol, ethanol, pro 
panol, and the like. The reaction temperature is usually about 
0° C. to about 50° C., more usually, about 10° C. to about 
30° C., preferably, ambient temperature. The reaction is 
carried out for a period of about 10 minutes to about 3 hours 
or more, usually, about 30 minutes to about 60 minutes. 
The keto functionality of compound (19) is converted by 

reductive amination to an amine functionality to produce 
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compound (20). The reaction is conducted in an organic 
solvent such as aqueous alcohol, Suitable reagent include 
ammonium acetate and the like. A reducing agent such as a 
metal hydride, for example, NaBH3CN and the like may be 
employed. The reaction temperature is usually about 0° C. to 
about 50° C., more usually, about 10° C. to about 30° C., 
preferably, ambient temperature. The reaction is carried out 
for a period of about 1 hour to about 16 hours or more. 

For the preparation of compound (21), compound (20) is 
reacted With an activated ester of bromoacetic acid, namely, 
the N-hydroxy succinimide ester of bromoacetic acid in this 
example, under basic conditions, Which include incorporat 
ing into the reaction mixture an alkyl amine such as, for 
example, diisopropylethylamine, ethylamine, triethyl amine, 
and the like. The reaction is conducted in an organic solvent 
such as, for example, an ether, e.g., THF, Dioxane, diethyl 
ether and so forth. The reaction is usually carried out at a 
temperature of about 0° C. to about 50° C., more usually, 
about 10° C. to about 30° C., preferably, ambient tempera 
ture. The reaction is carried out for a period of about 30 
minutes to about 5 hours or more, usually, about 1 hour to 
about 3 hours or more. 

The protecting group of compound (21) may be removed 
under acidic conditions in an organic solvent to give com 
pound (22). In the example depicted, compound (21) is 
treated With tri?uoroacetic acid (TFA) in methylene chlo 
ride. In general, removal of the protecting group is depen 
dent on the nature of the protecting group. Suitable condi 
tions for removal of protecting groups are Well knoWn in the 
art and Will not be discussed in detail herein. 
Compound (20) may also be converted into compound 

(23) by reaction With an activated ester of bromoacetylgly 
cine, namely, the N-hydroxy succinimide ester in the 
example shoWn in FIG. 2. The reaction is carried out under 
basic conditions With an organic solvent. The basic condi 
tions include incorporating into the reaction mixture an alkyl 
amine such as, for example, diisopropylethylamine, ethy 
lamine, triethyl amine, and the like. The reaction is con 
ducted in an organic solvent such as, for example, an ether, 
e.g., THF, dioxane, diethyl ether, and so forth. The reaction 
is usually carried out at a temperature of about 0° C. to about 
50° C., more usually, about 10° C. to about 30° C., prefer 
ably, ambient temperature. The reaction time is a period of 
about 30 minutes to about 5 hours or more, usually, about 1 
hour to about 3 hours or more. The protecting groups of 
compound (23) may be removed as discussed above to 
produce compound (24). 
Any of the compounds discussed above may be puri?ed 

by knoWn techniques such as, for example, dialysis, chro 
matography, HPLC, and combinations thereof. 
Enzyme conjugates may be prepared from compounds in 

accordance With the present invention. In general, functional 
groups suitable for attaching the compound to the enZyme 
are usually an activated ester or alkylating agent When the 
amino acid(s) that are to be conjugated on the enZyme have 
amino or hydroxyl groups and are usually alkylating agents 
or the like When the amino acid(s) that are to be conjugated 
on the enZyme comprise a sulfur atom such as, e.g., a 
cysteine. A large number of suitable functional groups are 
available for attaching to amino groups and alcohols such as 
activated esters including imidic esters, sulfonic esters and 
phosphate esters, activated nitrites, aldehydes, ketones, 
alkylating agents and the like. Conjugation of haptens to 
proteins using these and other attaching groups are Well 
knoWn in the art and are described in revieWs such as for 
example, Maggio, E. T. “Enzyme-Immunoassay” (CRC 
Press, Boca Raton, Fla, 1980), Chapter 4, Which contains an 
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assortment of conjugation techniques; pages 81488 of Which 
are incorporated herein by reference. 

FolloWing reaction of the enZyme With a compound such 
as discussed above to form a conjugate, the product is then 
optionally puri?ed as may be required. The puri?cation and 
characterization of poly(amino acid)-hapten conjugates has 
been described in detail Maggio, et al.; “enzyme-immunoas 
say” (CRC Press, Boca Raton, Fla., 1980), Chapter 4, pages 
86488 of Which are incorporated herein by reference. For 
example, if the conjugate is a mutant G6PDH-hapten con 
jugate, the puri?cation can be by dialysis against aqueous/ 
organic and aqueous solutions such as Water/DMF or Water, 
or by gel ?ltration chromatography on supports such as 
Sephadex, and the like. 
As mentioned above, the conjugation can involve binding 

of a hapten to a free thiol group present on an amino acid 
side chain of the enZyme (e.g. cysteine). Such conjugation 
involves alkylation of the thiol sulfur atom by treatment With 
an electrophilic compound such as an alpha- or beta-unsat 
urated amide, ketone, ester, or the like, or an alkylating agent 
such as a reactive halide, e.g., bromide, or sulfonate or the 
like or reaction With an active disul?de such as a 2-nitro 
4-carboxyphenyl disul?de. Speci?c examples by Way of 
illustration and not limitation include alpha-bromoamides, 
maleimides, vinyl sulfones, alpha-iodoketones, and the like. 

Conjugation reactions With enZymes can be affected by a 
number of factors. These include, but are not con?ned to, 
pH, temperature, buffer, ionic strength, substances Which 
may protect the enZyme active site, amount and type of 
cosolvent, reaction time, and activation chemistry. A range 
of pH values from about 5.0 to about 9.5 can usually be used 
for conjugation reactions. These reactions are generally 
carried out at about 0 to about 40 degrees C., preferably 
about 4 to about 20 degrees C. 
A number of buffers and salts, both alone and in combi 

nation, can be used for such reactions. These include Tris, 
bicarbonate, phosphate, pyrophosphate, EDTA, KCl, NaCl, 
and many others. The active site may be protected by 
substrates (i.e. glucose-6-phosphate for glucose-6-phos 
phate dehydrogenase), cofactors (NAD+, NADH, NADP", 
NADPH) and cofactor analogs (thio-NAD", thio-NADH, 
thio-NADP", or thio-NADPH), and compounds that react 
reversibly With lysine (i.e. pyridoxal) to reduce deactivation 
of the enZyme during conjugation. 

Cosolvents Which may enhance hapten solubility include, 
but are not limited to, dimethylformamide, carbitol, dim 
ethyl sulfoxide, 1-Methyl-2-pyrrolidinone, and 1,3-Dim 
ethyl-3,4,5,6-tetrahydro 2(1H)-pyrimidinone. These may be 
useful as about 1 to about 30% of the reaction volume. 
Reactions can vary from about 15 minutes to many days, 
depending on the activation chemistry. Carboxylic com 
pounds may be activated to form esters With N-Hydroxysuc 
cinimide or its sulfo-analog, or to mixed anhydrides through 
reaction With carbitol chloroformate or t-butylchlorofor 
mate, or may be coupled directly using carbodiimides such 
as EDAC. For reaction With cysteine thiols on the enZyme, 
the hapten should contain a good leaving group such as I, Br 
or tosyl; alternatively, the hapten can contain a thiol, pref 
erably activated With 2,2' dithiodipyridine or DTNB. 

Another method of conjugation, described in RoWley, G. 
L., D. Leung, and P. Singh (US. Pat. No. 4,220,722) 
involves modi?cation of the enZyme With bromoacetyl con 
taining reactants; the bromo groups are subsequently reacted 
With thiol-containing haptens. The reactions of enZyme With 
bromoacetyl modi?er and the bromoacetyl enZyme With the 
thiolated hapten are subject to the same reaction condition 
variables described above. 
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Enzyme conjugates may be prepared using compound 
(22) or compound (24). For example, conjugates comprising 
glucose-6-phosphate dehydrogenase may be prepared by 
procedures knoWn in the art. These procedures generally 
involve displacement of the bromine of compound (22) or 
compound (24) by a sulfur of a cysteine group of the 
enzyme. Since the enzyme has multiple cysteine groups, 
more than one molecule of compound (22) or compound 
(24) usually becomes conjugated to the enzyme. 
The label conjugates of the present invention may be 

employed in various assay formats. Such assays usually 
involve reactions betWeen binding partners such as an 
amphetamine analyte and/or a methamphetamine analyte 
and a corresponding antibody or the binding betWeen an 
antibody and a corresponding binding partner such as a 
second antibody that binds to the ?rst antibody. Accordingly, 
the binding partner may be a protein, Which may be an 
antibody or an antigen. The binding partner may be a 
member of a speci?c binding pair (“sbp member”), Which is 
one of two different molecules, having an area on the surface 
or in a cavity, Which speci?cally binds to and is thereby 
de?ned as complementary With a particular spatial and polar 
organization of the other molecule. The members of the 
speci?c binding pair Will usually be members of an immu 
nological pair such as antigen-antibody, although other 
speci?c binding pairs such as biotin-avidin, hormones 
hormone receptors, enzyme-substrate, nucleic acid 
duplexes, IgG-protein A, polynucleotide pairs such as DNA 
DNA, DNA-RNA, and the like are not immunological pairs 
but are included Within the scope of sbp member. 

Accordingly, speci?c binding involves the speci?c rec 
ognition of one of two different molecules for the other 
compared to substantially less recognition of other mol 
ecules. On the other hand, non-speci?c binding involves 
non-covalent binding betWeen molecules that is relatively 
independent of speci?c surface structures. Non-speci?c 
binding may result from several factors including hydro 
phobic interactions betWeen molecules. Preferred binding 
partners are antibodies. 

The aforementioned reagents may be employed in all 
types of immunoassays to determine the presence and/or 
amount of amphetamine analytes and/or methamphetamine 
analytes in a sample suspected of containing such analytes. 
Such assays include, for example, enzyme immunoassays, 
?uorescence polarization immunoassays, radioimmunoas 
say, particle enhanced turbidimetric inhibition immunoassay 
and so forth. 
One general group of immunoassays includes immunoas 

says using the labeled conjugates of the invention With a 
limited concentration of antibody. Another group of immu 
noassays involves the use of an excess of all of the principal 
reagents. Such assays include tWo-site sandWich assays, e. g., 
immunoradiometric assays, immuno?uorometric assays, 
immunochemi-luminometric assays, ELISA assays, and so 
forth. Another group of immunoassays are separation-free 
homogeneous assays in Which the labeled reagents modulate 
the label signal upon antigen-antibody binding reactions. 
Another group of assays includes labeled antibody reagent 
limited competitive assays for hapten or antigen that avoid 
the use of problematic labeled antigens or haptens. In this 
type of assay, it is important that the solid phase immobi 
lized analyte be present in a constant, limited amount. The 
partition of a label betWeen the immobilized analyte and free 
analyte depends on the concentration of analyte in the 
sample. 
The label conjugates of the invention may be employed 

With antibodies to amphetamine and methamphetamine to 
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18 
conduct an immunoassay for the amphetamine and meth 
amphetamine analytes. The assays can be performed either 
Without separation (homogeneous) or With separation (het 
erogeneous) of any of the assay components or products. 
Homogeneous immunoassays are exempli?ed by the 
EMIT® assay (Syva Company, San Jose, Calif.) disclosed in 
Rubenstein, et al., US. Pat. No. 3,817,837, column 3, line 6 
to column 6, line 64; immuno?uorescence methods such as 
those disclosed in Ullman, et al., US. Pat. No. 3,996,345, 
column 17, line 59, to column 23, line 25; enzyme chan 
neling immunoassays (“ECIA”) such as those disclosed in 
Maggio, et al., US. Pat. No. 4,233,402, column 6, line 25 to 
column 9, line 63; the ?uorescence polarization immunoas 
say (“FPIA”) as disclosed, for example, in, among others, 
US. Pat. No. 5,354,693; and so forth. 

Other enzyme immunoassays are the enzyme modulate 
mediated immunoassay (“EMMIA”) discussed by Ngo and 
Lenho?, FEBS Lett. (1980) 11612854288; the substrate 
labeled ?uorescence immunoassay (“SLFIA”) disclosed by 
Oellerich, J. Clin. Chem. Clin. Biochem. (1984) 
228954904; the combined enzyme donor immunoassays 
(“CEDIA”) disclosed by Khanna, et al., Clin. Chem. Acta 
(1989) 185:231*240; homogeneous particle labeled immu 
noassays such as particle enhanced turbidimetric inhibition 
immunoassays (“PETINIA”), particle enhanced turbidimet 
ric immunoassay (“PETIA”), etc.; and the like. 

Exemplary of heterogeneous assays are the enzyme linked 
immunosorbant assay (“ELISA”) discussed in Maggio, E. T. 
supra; the radioimmunoassay, disclosed in YaloW, et al., J. 
Clin. Invest. 39:1157 (1960) and so forth. 

The above reagents may also be employed in multi 
analyte immunoassays Where the amphetamine and/ or meth 
amphetamine analytes may be the subject of detection along 
With one or more other analytes such as other drugs of abuse 
and the like. Such multi-analyte systems are discussed, for 
example, in an article from Microgenics Corporation, 
entitled “Multiplex assay of amphetamine, methamphet 
amine and ecstasy drug using CEDIA technology” (J Anal. 
Toxicol., 2002, vol, 26, page, 267). 
The homogeneous or heterogeneous assays, particularly 

enzyme immunoassays and ?uorescence polarization immu 
noassays, are normally carried out in an aqueous bu?‘ered 
medium at a moderate pH, generally that Which provides 
optimum assay sensitivity. The aqueous medium may be 
solely Water or may include from 0 to about 40 volume 
percent of a cosolvent. The pH for the medium Will usually 
be in the range of about 4 to about 11, more usually in the 
range of about 5 to about 10, and preferably in the range of 
about 6.5 to about 9.5. The pH Will usually be a compromise 
betWeen optimum binding of the binding members of any 
speci?c binding pairs, the pH optimum for other reagents of 
the assay such as members of the signal producing system, 
and so forth. 

Various bu?ers may be used to achieve the desired pH and 
maintain the pH during the determination. Illustrative bu? 
ers include borate, phosphate, carbonate, tris, barbital and 
the like. The particular bu?er employed is not critical to this 
invention, but in an individual assay one or another bu?er 
may be preferred. Various ancillary materials may be 
employed in the method in accordance With the present 
invention. For example, in addition to bu?ers the medium 
may comprise stabilizers for the medium and for the 
reagents employed. Frequently, in addition to these addi 
tives, proteins may be included, such as albumins; organic 
solvents such as formamide; quaternary ammonium salts; 
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polyanions such as dextran sulfate; surfactants, particularly 
non-ionic surfactants; binding enhancers, e.g., polyalkylene 
glycols; or the like. 

One or more incubation periods may be applied to the 
medium at one or more intervals including any intervals 
betWeen addition of various reagents mentioned above. The 
medium is usually incubated at a temperature and for a time 
su?icient for binding of various components of the reagents 
to occur. Moderate temperatures are normally employed for 
carrying out the method and usually constant temperature, 
preferably, room temperature, during the period of the 
measurement. Incubation temperatures normally range from 
about 5° to about 99° C., usually from about 15° C. to about 
70° C., more usually 20° C. to about 45° C. The time period 
for the incubation is about 0.2 seconds to about 6 hours, 
usually, from about 2 seconds to about 1 hour, more usually, 
about 1 to about 5 minutes. The time period depends on the 
temperature of the medium and the rate of binding of the 
various reagents, Which is determined by the association rate 
constant, the concentration, the binding constant and disso 
ciation rate constant. Temperatures during measurements 
Will generally range from about 10 to about 50° C., more 
usually from about 15 to about 40° C. 

The concentration of analyte that may be assayed gener 
ally varies from about 10-5 to about 10-17 M, more usually 
from about 10'6 to about 10'14 M. Considerations, such as 
Whether the assay is qualitative, semi-quantitative or quan 
titative (relative to the amount of analyte present in the 
sample), the particular detection technique and the concen 
tration of the analyte normally determine the concentrations 
of the various reagents. 

The concentration of analytes to be detected Will gener 
ally vary from about 10-5 to about 10-17 M, more usually 
from about 10'6 to about 10'14 M. In general, a predeter 
mined cut-olf level is established for each analyte suspected 
of being in a sample. The particular predetermined cut-off 
level generally is determined on an analyte by analyte basis. 
Those skilled in the art are Well aWare of the factors relating 
to the selection of predetermined cut-off levels. For 
example, for many drugs of abuse, the cut-off levels are 
determined by SAMSA, an agency of the Department of 
Health and Human Services. The nature of the signal pro 
ducing system may be a consideration in determining the 
predetermined cut-off levels of some analytes. Another 
consideration is that the expected variation in concentration 
of the analytes that is of signi?cance should provide an 
accurately measurable signal difference. 

The concentrations of the various reagents in the assay 
medium Will generally be determined by the concentration 
range of interest of the amphetamine and/or the metham 
phetamine analytes. HoWever, the ?nal concentration of 
each of the reagents is normally determined empirically to 
optimize the sensitivity of the assay over the range. That is, 
a variation in concentration of analyte that is of signi?cance 
should provide an accurately measurable signal difference. 
Considerations such as the nature of the signal producing 
system and the nature of, and predetermined cut-off levels 
for, the analytes normally determine the concentrations of 
the various reagents. 

While the order of addition may be varied Widely, there 
Will be certain preferences depending on the nature of the 
assay. The simplest order of addition is to add all the 
materials simultaneously and determine the effect that the 
assay medium has on the signal as in a homogeneous assay. 
Alternatively, the reagents can be combined sequentially. 
Optionally, an incubation step may be involved subsequent 
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to each addition, generally ranging from about 30 seconds to 
about 6 hours, more usually from about 1 minute to about 1 
hour. 
The folloWing examples further describe the speci?c 

embodiments of the invention by Way of illustration and not 
limitation and are intended to describe and not to limit the 
scope of the invention. 

In a homogeneous assay after all of the reagents have been 
combined, the signal is determined and related to the amount 
of analyte in the sample. For example, in an EMIT assay for 
amphetamine and/or methamphetamine, a sample suspected 
of containing amphetamine and/or methamphetamine ana 
lytes is combined in an aqueous medium either simulta 
neously or sequentially With an enzyme conjugate of the 
invention and antibody capable of recognizing amphetamine 
and antibody capable of recognizing methamphetamine 
Where the antibodies also bind to the respective amphet 
amine and methamphetamine moieties of the enzyme con 
jugate prepared in accordance With the present invention. 
Generally, a substrate for the enzyme is added, Which results 
in the formation of a chromogenic or ?uorogenic product 
upon enzyme catalyzed reaction. Preferred enzymes are 
glucose-6-phosphate dehydrogenase and alkaline phos 
phatase but other enzymes may be employed. The analytes 
and the moieties of the enzyme conjugate compete for 
binding sites on the antibody. The enzyme activity in the 
medium is then determined, usually by spectrophotometric 
means, and is compared to the enzyme activity determined 
When calibrators or reference samples are tested in Which a 
knoWn amount of the analytes is present. Typically, the 
calibrators are tested in a manner similar to the testing of the 
sample suspected of containing the analytes. The calibrators 
typically contain differing, but knoWn, concentrations of the 
analyte to be determined. Preferably, the concentration 
ranges present in the calibrators span the range of suspected 
analyte concentrations in the unknoWn samples. 
The antibodies speci?c for amphetamine and speci?c for 

methamphetamine for use in immunoassays can be mono 
clonal or polyclonal. Such antibodies can be prepared by 
techniques that are Well knoWn in the art such as immuni 
zation of a host and collection of sera (polyclonal) or by 
preparing continuous hybrid cell lines and collecting the 
secreted protein (monoclonal) or by cloning and expressing 
nucleotide sequences or mutagenized versions thereof cod 
ing at least for the amino acid sequences required for speci?c 
binding of natural antibodies. 

Antibodies may include a complete immunoglobulin or 
fragment thereof, Which immunoglobulins include the vari 
ous classes and isotypes, such as IgA, IgD, IgE, IgG1, 
IgG2a, IgG2b and IgG3, IgM, etc. Fragments thereof may 
include Fab, Fv and F(ab')2, Fab‘, and the like. In addition, 
aggregates, polymers, and conjugates of immunoglobulins 
or their fragments can be used Where appropriate so long as 
binding affinity for a particular molecule is maintained. 

Antiserum containing antibodies (polyclonal) is obtained 
by Well-established techniques involving immunization of 
an animal, such as a rabbit, guinea pig, or goat, With an 
appropriate immunogen and obtaining antisera from the 
blood of the immunized animal after an appropriate Waiting 
period. State-of-the-art revieWs are provided by Parker, 
Radioimmunoassay of Biologically Active Compounds, 
Prentice-Hall (EngleWood Cliffs, N.J., U.S., 1976), Butler, J. 
Immunol. Meth. 7: 1424 (1975); Broughton and Strong, 
Clin. Chem. 22: 7264732 (1976); and Playfair, et al., Br. 
Med. Bull. 30: 24431 (1974). 

Antibodies can also be obtained by somatic cell hybrid 
ization techniques, such antibodies being commonly 
























